Objective To evaluate the role of extracurricular physical activity and sedentary behavior at preschool and primary school age on working memory at primary school age and adolescence, respectively.
H ealthy lifestyle habits, such as high levels of physical activity and low levels of sedentary behavior, are considered as a fundamental prerequisite for the development of basic cognitive, motor, and social skills in children. 1 These lifestyle habits may also influence the development of higher order cognitive processes, known as executive functions. 2 One of the most relevant executive functions for learning is working memory, the ability to keep information "online" for a short period of time for cognitive processing. Working memory develops significantly across childhood and adolescence, which has important implications for academic achievement. 3 The association between physical activity and working memory in children has been explored in only a few studies, [4] [5] [6] [7] [8] which were generally supportive for positive associations. Regarding sedentary behavior, although weak negative associations have been observed between television (TV) watching and working memory, 9 contradictory associations have been reported for video game playing. 10, 11 To our knowledge, prior studies have not explored the association between other sedentary behaviors and working memory. However, objectively measured sedentary time has been associated positively with sustained attention, 10 which could have an impact on working memory performance. The scarcity of available studies on the associations between these lifestyle habits and working memory in children, as well as the inconsistency of their results, 
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warrants further investigation of these associations. Moreover, the cross-sectional design of most of these studies limits their ability to establish the causal nature of such associations. [5] [6] [7] 10 In addition, it would be interesting to study these associations across different developmental periods, because both the type of activities and cognitive development varies across ages. 2, 12 We aimed to investigate the association between physical activity and sedentary behavior at preschool age and working memory at primary school age, and the association between physical activity and sedentary behavior at primary school age and working memory at adolescence.
Methods
This study was conducted in the context of the populationbased INMA (Infancia y Medio Ambiente [Environment and Childhood]) birth cohort across 4 Spanish regions: Menorca (n = 530), Valencia (n = 855), Sabadell in Catalonia (n = 657), and Gipuzkoa in Basque Country (n = 638). 13 In Menorca (the older subcohort), women attending antenatal care were recruited over a 12-month period starting in mid 1997, whereas in Valencia, Sabadell, and Gipuzkoa (the younger subcohorts), recruitment took place between 2003 and 2008. In total, 1093 children in the younger subcohorts and 307 in the older subcohort who had data available on both lifestyle habits and cognitive function were included in the current study ( Figure) . All participants gave written informed consent before enrollment in the subcohorts. Each subcohort obtained study approval from the ethics committee in its corresponding region.
Data on extracurricular physical activity and sedentary behavior were collected through questionnaires administered to parents (mainly the mother) when children were 4 years of age in the younger subcohorts, and when children were 6 years of age in the older subcohort (Appendix; available at www.jpeds.com). We focused on extracurricular physical activity because it is more variable among children than school physical activity, which is highly standardized across Spain. Parents answered the following question regarding physical activity, "During a typical week, how long does your child perform extracurricular exercise in each day, eg, dance/swimming lessons, or just playing, running, cycling, skating, swimming, etc.?" In Menorca, the question did not include outdoor playing, walking, and cycling, because structured physical activity is more beneficial for cognitive development than unstructured physical activity at this age. 2 Parents were able to specify more than 1 activity in Gipuzkoa and Sabadell.
In all regions, parents answered the following question regarding TV viewing: "How many hours does your child watch TV per week?" Parents reported other sedentary behaviors through the question,"Outside school, how long does your child dedicate to games or sedentary activities (eg, puzzles, books, dolls, homework, computer/video games)?" Because the questions were not identical in all the regions, we harmonized the answers a posteriori. We transformed categorical variables to continuous variables as minutes and hours per day (Appendix).
These continuous variables were then converted to hours per week. In Menorca, we excluded TV watching from sedentary behavior by subtracting the value obtained in the specific TV watching question.
We tested working memory using computerized n-back task 14 at 7 years of age in the younger subcohorts and at 14 years of age in the older subcohort. This instrument has been validated in the Spanish general population. 15 The duration of the sessions was 25 minutes. Briefly, in the n-back task, participants have a sequence of stimuli on the computer screen, one at a time, and they have to respond (hit a button) when the current stimulus matches the one presented n steps before. The specific visual n-back task used consisted of a series of numbers, and 3 levels of difficulty or loads (1-, 2-, and 3-back). Stimuli were presented in a fixed central location on a white background for a 1500-ms duration with a 1000-ms interstimulus interval. Participants completed 3 blocks (1-, 2-, and 3-back) with each block being consisted of 25 trials. Targets never appeared in the first 3 trials of each block and 33% of stimuli of the following trials were targets. In the present study, we used 2-back as the main outcome, because it showed better properties than the 1-and 3-back tasks (eg, clear age-dependent slope and little learning effect) in a previous study. 16 Addi- tionally, we analyzed the difference between 1-and 2-back performances by subtracting the scores between both tasks to study whether the lifestyle habits affected scores changes owing to the increase in n-back load or task difficulty. 17 This outcome controls for individual performance, and therefore increases its reliability. We measured overall accuracy (including both hits and correct rejections), and d′, a measure of detection subtracting the normalized false alarm rate from the hit rate: (Z hit rate -Z false alarm rate). This outcome indicates subject's sensitivity to detect the signal (target) against the noise (nontargets).
Accurate age at the time of test was calculated based on the date of birth and the date of neuropsychological testing session. We used maternal education (no or primary school, secondary school, or university) as a surrogate for socioeconomic status. This information was collected during the first trimester of pregnancy through a questionnaire.
Statistical Analyses
We dichotomized physical activity and sedentary behavior variables by their median values in each subcohort. We used dichotomous instead of continuous variables to homogenize the variables among subcohorts, because the values were not comparable among them owing to differences in the questions. For the 3 younger subcohorts, we merged the categorical variables in a new variable that gathered the low and high categories of each subcohort. The 2-back accuracy was truncated at 100% of correct responses and d′ at 3.91 score (ie, the maximal possible d′ score). We developed Tobit regression models, 18 which are suitable for the truncated data, to test the associations between the lifestyle habits and 2-back performance. This model uses all observations, both those below and above the limit, to estimate the regression line. We applied linear regression models to test the associations between the lifestyle habits and 2-vs 1-back performance change. We developed separate models for each lifestyle habit and for each age group (2 outcomes × 3 exposures × 2 age groups = 12 regressions in total). We used pooled analyses to combine the younger subcohorts. The confounders included in our models were sex, age, and maternal education, because previous literature has indicated that these variables could be associated with both lifestyle habits and cognitive performance. 12, 19 Final models were adjusted additionally for subcohort in the pooled analyses. We also performed stratified analyses for boys and girls to study possible effect modification by sex in the association between early lifestyle habits and later working memory.
We used R (3.0.2; R Foundation for Statistical Computing, Vienna, Austria) and Stata 12.1 (Stata Corporation, College Station, Texas) to perform the statistical analyses.
Results
The region-specific characteristics of the participants are described in Table I . Boys and girls were distributed similarly in all the regions. Among the younger subcohort participants, 64% and 12% obtained the maximum 1-back and 2-back accuracy scores, respectively. Among the older subcohort participants 85% and a 57% obtained the maximum 1-back and 2-back accuracy scores. The mean n-back scores were higher (ie, better performance) in the oldest (Menorca) subcohort compared with those obtained in the youngest subcohort (Sabadell; Table I ). The change between 1-back and 2-back scores was smaller in the older subcohort than in the younger subcohorts. In Table I , we show the median hours per week spent in extracurricular physical activity, TV watching, and other sedentary behaviors by subcohort, which were used as cutoff points to create the dichotomous exposure variables. Table II shows the percentage of children in each lifestyle category stratified by sex and maternal education. In the younger subcohorts (Valencia, Sabadell, and Gipuzkoa), boys spent more time performing extracurricular physical activity and watching TV, and girls spent more time engaged in other sedentary behaviors. In Menorca, the percentage of boys was slightly higher in the high physical activity and high TV watching groups, whereas the percentage of girls was higher in the group of high levels of other sedentary behaviors. Children whose mothers had lower education spent more time watching TV than those of higher educational background, both in the younger and older subcohorts.
Less active children at 4 years of age showed reductions in 2-back performance at 7 years of age compared with more active children, but these associations were not significant (Table III) . Children who had low levels of extracurricular physical Coef., coefficient. *Tobit models adjusted for age, sex, maternal education, and subcohort. †Linear regression models adjusted for age, sex, maternal education, and subcohort. ‡Tobit models adjusted for age, sex, and maternal education. §Linear regression models adjusted for age, sex, and maternal education. ¶P < .05.
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Volume 188 activity at 4 years of age showed reductions in 2-back performance in relation to 1-back at age 7 years of age, compared with those with high levels of extracurricular physical activity (accuracy P = .019; d′ P = .018). The stratified models showed that the associations were statistically significant only in girls (accuracy P = .034; d′ P = .046), but there was no interaction by sex (accuracy P for interaction = .516; d′ P for interaction = .636). TV watching and other sedentary behaviors were not associated with working memory performance.
In the older subcohort, we observed poorer 2-back performance in adolescents who were less active at 6 years of age compared with those who were more active, with a significant association between physical activity and accuracy (P = .031; Table III ). We also found a more pronounced reduction in 2-back performance (d′) in relation to 1-back in adolescents who were less active at 6 years of age compared with those who were more active (P = .024). The stratified analyses showed a clear association in boys (P = .042) but did not in girls (P for interaction = .761). We also observed reductions in 2-back accuracy (P = .032; P for interaction = .136) and in 2-back vs 1-back d′ change in adolescent boys who were more sedentary when they were 6 years of age (P = .037; P for interaction = .044). There were no significant associations between TV watching and working memory at either age or for either sex.
Discussion
We evaluated the role of extracurricular physical activity and sedentary behavior on cognitive function in schoolchildren using a prospective study design. Low levels of extracurricular physical activity at 4 years of age were associated with poorer cognitive performance in terms of working memory at 7 years of age. Similar associations were observed in adolescents with low physical activity levels at 6 years of age in a separate study population. No associations were observed between TV watching and working memory performance. Other sedentary behaviors at 6 years of age were associated with deteriorated working memory at 14 years of age in boys.
Many studies have observed the positive cross-sectional relationship between physical activity and cognitive functions in children, especially executive functions. 4, 10, 20 Physical activity may enhance working memory through different mechanisms at multiple levels, from cells to social interaction. Cognitive skills acquired during physical activity may transfer to cognitive functioning in other situations.
2 Chronic physical activity has been associated with larger brain volume in regions supporting memory and executive functions, 21, 22 improvement in the connectivity of brain networks, 23, 24 higher levels of brain-derived neurotrophic factor, 25, 26 and enhanced cerebrovascular function. 27 We found a positive association between extracurricular physical activity levels at 4 years of age and working memory performance at 7 years of age. The question included different types of physical activity, such as playing, walking, cycling, and sports. A previous study based on measured physical activity using accelerometers has supported the idea that any type of physical activity is associated with better cognitive capacities. 10 This is particularly true for younger children, who may benefit more from unstructured forms of physical activity than older children. 2 The longitudinal approach of our study highlights the importance of early physical activity habits for maximizing cognitive development of children. Interestingly, in line with previous studies, 28, 29 the positive association between physical activity and working memory performance was stronger in girls. This finding could be explained, at least in part, by different levels and types of physical activity between boys and girls. 28 In animals, brain-derived neurotrophic factor mediated the relationship between long-term stress and depression in females but not in males, 30 suggesting that different metabolic pathways between boys and girls could also explain this findings.
Regarding older children, our results indicated that time spent in extracurricular physical activity at 6 years of age predicted working memory performance 8 years later. In this subcohort, the variable of extracurricular physical activity included mainly structured physical activity, such as sports. Although physical activity levels start to decrease through late childhood, 12 it is known that sports participation increases at school age, because preschool children do not normally participate regularly in organized physical activity. 31 Children engaged in sports are more likely to be physically active during adolescence and adulthood. 32 Thus, this study showed that structured physical activity during childhood might have long-term positive impacts on cognitive development. In this sample, the associations were stronger in boys and did not reach statistical significance in girls. It is possible that the intensity of the structured physical activity at school age was higher in boys than in girls, which could be more beneficial for later working memory development.
Regarding TV watching, the inclusion of the younger participants did not represent an important contribution to the weak negative associations between TV viewing and working memory reported in a previous study performed only in the older subcohort. 9 Nevertheless, the variables "TV watching" and "other sedentary behaviors" were probably too general. We had no information about the content of the TV programs, which might be detrimental or beneficial for cognitive functions. For instance, early exposure to age-appropriate programs designed around an educational curriculum is associated with academic enhancement, whereas exposure to violent content is associated with poorer cognitive development. 33 We observed a negative association between sedentary behavior and working memory only in adolescent boys, with a statistically significant sex interaction. The different types of sedentary activities between boys and girls could be an explanation for this finding; however, we were not able to test this hypothesis based on our data. The variable "other sedentary behaviors" included a large variety of behaviors, such as solving puzzles, reading, playing with dolls, doing homework, or playing video games, which could affect cognitive development in different ways. 10 Our observed lack of associations between sedentary behavior and working memory in the younger September 2017 ORIGINAL ARTICLES subcohorts could be due to the heterogeneity of activities included in this question.
Our study has some limitations. First, some questions were not identical between subcohorts. In Valencia, the question about extracurricular physical activity included only 1 activity per day, whereas in Sabadell and in Gipuzkoa this question included up to 3 different activities per day. To account for these differences by region, we used dichotomous variables split by subcohort-specific medians. The limited question in Valencia could have led to misclassification, whereas the use of dichotomous instead of continuous variables could have reduced the precision of the results obtained. Second, onehalf of the initial sample was lost to follow-up, which could have made selection bias possible. Our sample might have been more predisposed to participate in activities than the general population, leading to an underestimation of effects. Third, the reduced sample size in the sex-stratified analyses restricted the interpretation of our results. Fourth, residual confounding by unmeasured variables, such as household income, could explain, in part, the associations found in this study. Fifth, we did not have data on the TV program content, which is key for the cognitive consequences of screen time in children. Moreover, the general questions regarding sedentary behavior (ie, TV program content, type of sedentary activity) might have diluted possible longitudinal associations between specific sedentary activities and working memory. Furthermore, we did not explore whether current levels of physical activity mediated the associations or, on the contrary, the effects were independent of these levels. Finally, our measures of lifestyle habits were not objective, which might have resulted in misclassification, recall bias, or perceived desirability of responses. The use of objective measurements, such as accelerometers, could provide information on the intensity of physical activity, which has a key role in the potential to cause changes in the brain through cerebral oxygenation.
The main strength of this study was its prospective design with a long period between exposure and outcome measurements. The different ages of the samples in this study allowed us to compare different developmental periods. Our sample is part of a population-based birth cohort including different Spanish regions with diverse cultural and lifestyle habits. This diversity could increase the external validity of the study. Furthermore, this cohort allows studying the longitudinal effects of healthy lifestyles with longer time lapses, because the followups assessing different health and cognitive outcomes were carried out consecutively. The cognitive instrument used to measure working memory in our study was validated in the Spanish general population. 15 Although less comprehensive than formal neuropsychological assessment, the computerized tests provided an objective tool to characterize cognitive function. 34 In conclusion, this study showed that low physical activity levels at preschool age may be associated with poorer working memory performance at primary school age and that low physical activity levels at primary school age relate to lesser working memory in adolescents. These data indicate that physical activity habits at early ages may influence academic achievement. Our findings also suggest that highly intense and structured physical activities are especially relevant for working memory development in adolescence. According to our results, early sedentary behavior may negatively influence later cognitive maturation at adolescence, but only in boys. These findings highlight the importance of promoting physical activity habits and reducing sedentary behaviors early in life for increasing the cognitive potential of children. Further studies should include larger sample sizes to compare the effects by sex at different ages, longer time periods between the exposure and the cognitive outcomes, and specific sedentary behavior questions and/or objective measurements of physical activity. A mediation analysis would be interesting to disentangle whether current physical activity levels mediated the associations found in this study or these habits at early ages have a permanent impact on the nervous system development. ■
